TITLE OF THE INVENTION 

Semiconductor Device 
BACKGROUND OF THE INVENTION 
Field of the Invention 
5 The present invention relates to a semiconductor device and, more 

specifically, to a semiconductor device including; a high-breakdown voltage 
MOS transistor. 

Description of the Background Art 

Semiconductor devices having a high-breakdown voltage MOS 
10 (Metal Oxide Semiconductor) transistor applied to a logic circuit or an 

analog circuit, have been known. As an example of such a semiconductor 
device, a semiconductor device disclosed in Japanese Patent Laying-Open 
No. 2001-94103 will be described. 

In the semiconductor device described in this laid-open application, 
15 in one of prescribed regions on a semiconductor substrate, an n-channel 
type high-breakdown voltage MOS transistor is formed. 

First, in a P-type semiconductor device, a P-type well is formed. 
The P-type well is a well diffusion layer for the high-breakdown voltage 
MOS transistor. On the P-type well, a gate electrode is formed with a gate 
20 oxide film interposed. 

Between the gate electrode and the gate diffusion layer and between 
the gate electrode and the source diffusion layer, an LOCOS (Local 
Oxidation of Silicon) oxide film is formed. The LOCOS oxide film 
separates the gate electrode from the drain diffusion layer at the surface, 
25 and separates the gate electrode from the source diffusion layer at the 
surface. 

Immediately below the LOCOS oxide films at opposing ends of the 
gate electrode, a drain side offset region and a source side offset region are 
formed, respectively. Below the drain diffusion layer, the drain side well 
30 offset region is formed. Below the source diffusion layer, the source side 
well offset region is formed. 

The gate, drain and source are electrically isolated from a channel 
stopper region serving as a diffusion layer to take a potential of the P-type 
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well diffusion layer, by an N-type isolating diffusion layer, a P-type 
isolating diffusion layer and the LOCOS oxide film. The channel stopper 
is formed to surround the high-breakdown voltage MOS transistor. 

The conventional semiconductor device including a high-breakdown 
voltage MOS transistor is formed in the above described manner. 

The conventional semiconductor device described above, however, 
has the following problems. When the high-breakdown voltage MOS 
transistor is to be applied to a logic circuit such as an NAND circuit or an 
NOR circuit, or when it is to be applied to an analog circuit, it is necessary 
to connect the high-breakdown voltage MOS transistors in series. 

When the above described high-breakdown voltage MOS transistors 
are to be connected in series, the source/drain of a high-breakdown voltage 
MOS transistor formed in one channel stopper must be connected, for 
example, by an aluminum interconnection, to the source/drain of a high- 
breakdown voltage MOS transistor formed in a different channel stopper. 

At this time, the high-breakdown voltage MOS transistors are 
connected in series by repeatedly arranging the region (pattern) in which 
the high-breakdown voltage MOS transistor including the channel stopper 
is formed. 

As the pattern is arranged repeatedly, the area occupied by the 
pattern on the semiconductor substrate becomes large, and the pattern 
layout area of the semiconductor device as a whole becomes undesirably 
large. 

In a circuit in which a resistance element is connected to a high- 
breakdown voltage MOS transistor, the resistance element that is 
connected to the high-breakdown voltage MOS transistor must also have 
high breakdown voltage. 

In order to ensure a high breakdown voltage, as a resistance element, 
a resistance element formed of polysilicon film is sometimes formed on the 
LOCOS oxide film. The resistance element formed in this manner is 
connected to the source/drain of the high-breakdown voltage MOS 
transistor through an aluminum interconnection. 

When the resistance element is connected in series to the high- 



breakdown voltage MOS transistor, again, the region to form the resistance 
element of polysilicon film on the LOCOS film must be ensured. 
Accordingly, the pattern layout area of the semiconductor device as a whole 
becomes undesirably large. 
5 SUMMARY OF THE INVENTION 

The present invention was made to solve the above described 
problems and its object is to provide a semiconductor device in which 
increase in pattern layout area is suppressed in implementing series 
connection of elements including a high -breakdown voltage MOS transistor, 

10 such as a serial connection of high-breakdown voltage MOS transistors 

with each other, or a serial connection between a high-breakdown voltage 
MOS transistor and a resistance element. 

According to an aspect, the present invention provides a 
semiconductor device including a first impurity region of a first 

15 conductivity type, a first isolating insulation film, a second impurity region 
of a second conductivity type, a third impurity region of the second 
conductivity type, a fourth impurity region of the second conductivity type, 
a first electrode portion and a second electrode portion. The first impurity 
region of the first conductivity type is formed on a main surface of a 

20 semiconductor substrate. The first isolating insulation film is formed on a 
surface of the first impurity region. The second impurity region of the 
second conductivity type is formed at that portion of the first impurity 
region which is positioned immediately below the first isolating insulation 
film. The third impurity region of the second conductivity type is formed 

25 on the surface of a portion of the first impurity region, spaced apart from 
the first isolating insulation film. The fourth impurity region of the 
second conductivity type is formed at a surface of a portion of the first 
impurity region on the side opposite to the third impurity region with the 
first isolating insulation film positioned therebetween, spaced apart from 

30 the first isolating insulation film. The first electrode portion is formed on 
that portion of the first impurity region which is sandwiched between the 
second impurity region and the third impurity region. The second 
electrode portion is formed at that portion of the first impurity region which 
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is sandwiched between the second impurity region and the fourth impurity 
region. 

By this structure, first, one MOS transistor including the second 
impurity region, the third impurity region and the first electrode portion is 
5 formed, and another MOS transistor including the second impurity region, 
the fourth impurity region and the second electrode portion is formed. The 
one and another MOS transistors are connected in series through the 
second impurity region common to both MOS transistors. Thus, as 
compared with a serial connection of individual MOS transistors, the area 

10 occupied by the MOS transistors can be reduced, and the increase in the 
pattern layout area of the semiconductor device can be suppressed. 

According to another aspect, the present invention provides a 
semiconductor device including a first impurity region of a first 
conductivity type, an isolating insulation film, a second impurity region of a 

15 second conductivity type, a third impurity region of the second conductivity 
type, a fourth impurity region of the second conductivity type and an 
electrode portion. The first impurity region of the first conductivity type is 
formed on a main surface of a semiconductor substrate. The isolating 
insulation film is formed on a surface of the first impurity region. The 

20 second impurity region of the second conductivity type is formed at that 

portion of the first impurity region which is positioned immediately below 
the isolating insulation film. The third impurity region of the second 
conductivity type is electrically connected to the second impurity region, 
and formed at a portion of the first impurity region in a direction away 

25 from the isolating insulation film. The fourth impurity region of the 

second conductivity type is formed at a surface of that portion of the first 
impurity region which is opposite to the side of the third impurity region, 
spaced apart from the isolating insulation film. The electrode portion is 
formed on that portion of the first impurity region which is sandwiched 

30 between the second impurity region and the fourth impurity region. In the 
second impurity region, there is formed a portion having its width along a 
direction approximately orthogonal to the direction from the electrode 
portion to the third impurity region made narrower, from the side of the 
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electrode portion to the side of the third impurity region. 

By this structure, first, an MOS transistor including the second 
impurity region, the third impurity region, the fourth impurity region and 
the electrode portion is formed. The second impurity region of the MOS 
5 transistor also serves as a resistance element, and therefore, it follows that 
a resistance element is connected in series to the MOS transistor. 
Therefore, as compared with the case where the MOS transistor and a 
resistance element are connected, for example, by an aluminum 
interconnection, the area occupied by the MOS transistor and the 
10 resistance element can be reduced, and increase in pattern layout area in 
the semiconductor device can be suppressed. 

The foregoing and other objects, features, aspects and advantages of 
the present invention will become more apparent from the following 
detailed description of the present invention when taken in conjunction 
15 with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross sectional view of the semiconductor device in 
accordance with a first embodiment of the present invention taken along 
the line I-I of Fig. 2. 

20 Fig. 2 is a plan view of the semiconductor device in accordance with 

the same embodiment shown in Fig. L 

Fig. 3 represents an equivalent circuit of the semiconductor device in 
accordance with the same embodiment shown in Figs. 1 and 2. 

Fig. 4 represents another equivalent circuit of the semiconductor 
25 device in accordance with the same embodiment shown in Figs. 1 and 2. 

Fig. 5 is a cross sectional view of the semiconductor device in 
accordance with a second embodiment of the present invention taken along 
the line V-Vof Fig. 6. 

Fig. 6 is a plan view of the semiconductor device in accordance with 
30 the same embodiment shown in Fig. 5. 

Fig. 7 represents an equivalent circuit of the semiconductor device in 
accordance with the same embodiment shown in Figs. 5 and 6. 

Fig. 8 is a plan view of the semiconductor device in accordance with a 
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third embodiment. 

Fig, 9 is a plan view illustrating effects of the semiconductor device 
in accordance with the same embodiment shown in Fig. 8. 

Fig. 10 is a plan view of a semiconductor device in accordance with a 
5 fourth embodiment of the present invention. 

Fig. 11 represents an equivalent circuit of the semiconductor device 
in accordance with the same embodiment shown in Fig. 10. 

Fig. 12 represents another equivalent circuit of the semiconductor 
device in accordance with the same embodiment shown in Fig. 10. 
10 Fig. 13 is a cross sectional view of the semiconductor device in 

accordance with a fifth embodiment of the present invention taken along 
the line XIII-XIII of Fig. 14. 

Fig. 14 is a plan view of the semiconductor device shown in Fig. 13. 

Fig. 15 is a plan view of the semiconductor device in accordance with 
15 a sixth embodiment of the present invention. 

Fig. 16 is a plan view of the semiconductor device in accordance with 
a seventh embodiment of the present invention. 

Fig. 17 represents an equivalent circuit of the semiconductor device 
in accordance with the same embodiment shown in Fig. 16. 
20 Fig. 18 represents another equivalent circuit of the semiconductor 

device in accordance with the same embodiment shown in Fig. 16. 

Fig. 19 is a plan view of the semiconductor device in accordance with 
an eighth embodiment of the present invention. 

Fig. 20 represents an equivalent circuit of the semiconductor device 
25 in accordance with the same embodiment shown in Fig. 19. 

Fig. 21 represents another equivalent circuit of the semiconductor 
device in accordance with the same embodiment shown in Fig. 19. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

First Embodiment 

30 A semiconductor device including a high-breakdown voltage MOS 

transistor in accordance with a first embodiment will be described. As can 
be seen from Figs. 1 and 2, on a semiconductor substrate 1, a well 2 as a 
first impurity region is formed. At prescribed regions of the surface of well 
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2, element isolating insulation films 3a to 3e are formed, respectively. 

On the surface of well 2 sandwiched by element isolating insulation 
films 3a and 3b, a drain region 4a as a fourth impurity region is formed. 
In that region of well 2 which is immediately below element isolating 
5 insulation films 3a, 3b, a dr ain field limiting layer 5c as the fourth impurity 
region is formed to limit electric field of the drain. 

On the surface of well 2 sandwiched by element isolating insulation 
films 3d and 3e, a source region 4 as a third impurity region is formed. In 
that region of well 2 which is immediately below element isolating 
10 insulation films 3d, 3e, a source field limiting layer 5b as the third impurity 
region is formed to limit electric field of the source. 

In that region of well 2 which is immediately below element isolating 
insulation film 3c, a source/drain region 5a as a second impurity region is 
formed. On the surface of well 2 sandwiched by element isolating 
15 insulation films 3b, 3c, a gate electrode 7b as a second electrode portion is 
formed, with a gate insulating film 6b interposed. 

On the surface of well 2 sandwiched by element isolating insulation 
films 3c and 3d, a gate electrode 7a as a first electrode portion is formed, 
with a gate insulating film 6a interposed. 
20 A silicon oxide film 8 is formed on semiconductor substrate 1 to cover 

gate electrodes 7a, 7b. Contact holes 8b and 8a are formed, respectively 
exposing surfaces of drain region 4a and source region 4b, in the silicon 
oxide film. 

On silicon oxide film 8, aluminum interconnections 9, 10, 12 and 13 
25 are formed. Drain region 4a is electrically connected to aluminum 

interconnection 10 through a contact portion 10a. Source region 4b is 
electrically connected to aluminum interconnection 9 through a contact 
portion 9a. 

Gate electrode 7a is electrically connected to aluminum 
30 interconnection 12 through a contact portion 12a. Gate electrode 7b is 
electrically connected to aluminum interconnection 13 through a contact 
portion 13 a. 

One MOS transistor Tl is formed including gate electrode 7a, source 
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region 4b, source field limiting layer 5b and source/drain region 5a. 
Another MOS transistor T2 is formed including gate electrode 7b, drain 
region 4a, drain field limiting layer 5c and source/drain region 5a. 

In the above described semiconductor device, source/drain region 5a 
5 formed in that region of well 2 which is immediately below element 

isolating insulation film 3c serves as a drain region for one MOS transistor, 
and serves as a source region for another MOS transistor. Through the 
source/drain region 5a, the one and another MOS transistors Tl and T2 are 
connected in series. 

10 Fig. 3 shows an equivalent circuit in which MOS transistors Tl and 

T2 are n-channel MOS transistors, and Fig. 4 shows an equivalent circuit 
in which MOS transistors Tl and T2 are p-channel MOS transistors. 

As described above, in the present semiconductor device, one MOS 
transistor Tl and another MOS transistor T2 are connected in series 
15 through the source/drain region 5a common to the one and another MOS 
transistors Tl and T2. 

Thus, compared with a semiconductor device in which individual 
MOS transistors are connected in series, the area occupied by MOS 
transistors Tl and T2 can be reduced in the present semiconductor device, 
20 and therefore, increase in the pattern layout area of the semiconductor 
device can be suppressed. 

Here, impurity concentrations of source field limiting layer 5b, drain 
field limiting layer 5c and source/drain region 5a are set to be lower than 
the impurity concentration of drain region 4a and source region 4b, and 
25 hence, a high junction breakdown voltage can be realized at the junction 
between these regions and well 2. 
Second Embodiment 

In the foregoing, a semiconductor device has been described in which 
drain field limiting layer 5c, source/drain region 5a and source field 
30 limiting layer 5b are formed at those portions of well region 2 which are 
positioned immediately below element isolating insulation films 3a to 3e. 

Here, an example will be described in which the drain field limiting 
layer, the source/drain region and the source field limiting layer are formed 
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as wells. 

As shown in Figs. 5 and 6, at regions immediately below element 
isolating insulation films 3a and 3b and drain region 4a, a well 55c 
reaching the surface of semiconductor substrate 1 is formed. 
5 At a region immediately below element isolating insulation film 3c, a 

well 55a reaching the surface of semiconductor substrate 1 is formed. 
Further, at a region immediately below element isolating insulation films 
3d, 3e and source region 4b, a well 55b reaching the surface of 
semiconductor substrate 1 is formed. Semiconductor substrate 1 is set to 

10 have a conductivity type opposite to that of wells 55a to 55c. 

Therefore, in the equivalent circuit of the semiconductor device 
shown in Fig. 7, the one and another MOS transistors Tl and T2 connected 
in series have back gates set to the same potential as the potential of 
semiconductor substrate 1. 

15 Further, impurity concentrations of wells 55a to 55c are set to be 

lower than the impurity concentrations of drain region 4a and source region 
4b. 

Except for these points, the semiconductor device is the same as that 
of Fig. 1, and therefore, corresponding portions are denoted by the same 
20 reference characters and description thereof will not be repeated. 

By the above described semiconductor device, the following effect can 
be obtained in addition to the effects described with reference to the first 
embodiment. 

When an n-channel MOS transistor is formed using a p-type 
25 semiconductor substrate as semiconductor substrate 1, by providing n-type 
wells 55a to 55c, it becomes unnecessary to form an n-type field limiting 
layer, and hence, process steps can be simplified. 

Third Embodiment 

Here, a semiconductor device will be described as an example, in 
30 which two MOS transistors having mutually different gate widths (channel 
widths) are connected in series. 

Referring to Fig. 8, channel Wl of MOS transistor Tl is made shorter 
than channel W2 of MOS transistor T2. Source/drain region 5a has its 



-9 - 



width along the direction of extension of gate electrodes 7a and 7b changed 
smoothly at a portion from the side of channel region lib to the side of 
channel region 1 la, as denoted by the portion A surrounded by dotted lines. 

Except for these points, the semiconductor device is the same as that 
5 of Fig. 1, and therefore, corresponding portions are denoted by the same 
reference characters and description thereof will not be repeated. 

By the above described semiconductor device, the following effect can 
be obtained in addition to the effects described with reference to the first 
embodiment. 

10 First, MOS transistors Tl and T2 have channel widths Wl and W2 

different from each other. Therefore, in the source/drain region 5a, the 
width along the direction of extension of gate electrode 7b at a portion on 
the side of channel region lib comes to be different from the width along 
the direction of extension of gate electrode 7a at a portion on the side of 
15 channel region 11a. 

Here, in a semiconductor device in which the width of source/drain 
region 5a changes not smoothly but steeply at an angle of 270° as 
represented by the portion B surrounded by dotted lines in Fig. 9, junction 
breakdown voltage between source/drain region 5a and well 2 degrades 
20 significantly at this steeply changing portion. 

By contrast, in the present semiconductor device, there is a portion 
that changes smoothly from the portion on the side of channel region lib to 
the portion on the side of channel region 11a, in source/drain region 5a. 

Accordingly, there is no portion between source/drain region 5a and 
25 well 2 to which electric field concentrates, and thus, junction breakdown 
voltage between source/drain region 5a and well 2 can be improved. 
Fourth Embodiment 

In the third embodiment, it is described that in a semiconductor 
device having two MOS transistors with mutually different gate widths 
30 (channel widths) connected in series, when there is a portion at which the 
width of the source/drain region changes steeply from a portion near one 
channel region to a portion near the other channel region, the junction 
breakdown voltage between the source/drain region and the well degrades 
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significantly at that steep changing portion. 

Here, a semiconductor device will be described in which the electric 
field is limited even when it has such a portion at which the width of the 
source/drain region changes steeply. 
5 Referring to Fig. 10, channel width Wl of MOS transistor Tl is set 

shorter than channel width W2 of MOS transistor T2. In source/drain 
region 5a, there is a portion B surrounded by dotted lines, having its width 
changed steeply, from the side of channel region lib to the side of channel 
region 11a. 

10 Gate electrode 77b is formed to cover not only the channel region lib 

but also the steeply changing portion. Except for these points, the 
semiconductor device is the same as that of Fig. 1, and therefore, 
corresponding portions are denoted by the same reference characters and 
description thereof will not be repeated. 

15 By the above described semiconductor device, the following effect can 

be obtained in addition to the effects described with reference to the first 
embodiment. 

Fig. 11 represents an equivalent circuit in which n-channel MOS 
transistors Tl and T2 are connected in series, and Fig. 12 represents an 
20 equivalent circuit in which p-channel MOS transistors Tl and T2 are 
connected in series. 

Referring to Figs. 11 and 12, the portion corresponding to the portion 
B surrounded by dotted lines is the source/drain region 5a common to the 
two MOS transistors Tl and T2. 
25 In the example shown in Fig. 11, a reverse bias voltage is applied to 

source/drain region 5a only when MOS transistor T2 turns on with a 
reverse bias voltage being applied to drain region 4a (aluminum 
interconnection 10). 

In n-channel MOS transistors Tl and T2, when the voltage at drain 
30 region 4a is Vdd, n-channel MOS transistor T2 turns on (voltage at gate 
77b-Vdd). 

Accordingly, the voltage at source/drain 5a will be the same as drain 
region4a, that is, Vdd. At this time, well 2 providing a PN junction with 
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source/drain region 5a will be at the same voltage as source region 4b 
(GND), and hence, it is in a reverse biased (Vdd) state. 

Specifically, when a reverse bias voltage is applied to source/drain 
region 5a, the voltage at gate electrode 77b will be the same as the voltage 
5 at source/drain region 5a. 

In the present semiconductor device, gate electrode 77b is formed to 
cover the steep portion at which junction breakdown voltage between 
source/drain region 5a and well 2 becomes small, as shown in Fig. 10. 

When a reverse bias voltage is applied to source/drain region 5a, it 
10 follows that the same voltage as source/drain region 5a is applied to gate 
electrode 7b. As this voltage is applied to gate 77b, an electric field is 
generated toward well 2 of semiconductor substrate 1. 

By this electric field, the depletion layer extending from the interface 
between source/drain region 5a and well 2 is further extended. The above 
15 described function is also attained in the example shown in Fig. 12. 

Thus, even when there is formed a steep portion at source/drain 
region 5a, breakdown voltage in the MOS transistor can be ensured. 

Fifth Embodiment 

A semiconductor device in which an MOS transistor and a resistance 
20 element are connected in series will be described as a semiconductor device 
in accordance with the fifth embodiment of the present invention. 

Referring to Figs. 13 and 14, well 2 as a first impurity region is 
formed on semiconductor substrate 1. At prescribed regions on the surface 
of well 2, element isolating insulation films 3a to 3d are formed, 
25 respectively. 

On the surface of well 2 sandwiched by element isolating insulation 
films 3a and 3b, a drain region 4c as a fourth impurity region is formed. 
In that region of well 2 which is immediately below element isolating 
insulation films 3a, 3b, a source/drain field limiting layer 5e as the fourth 
30 impurity region is formed to limit electric field of the source/drain. 

On the surface of well 2 sandwiched by element isolating insulation 
films 3c and 3d, a source/drain region 4d as a third impurity region is 
formed. In that region of well 2 which is immediately below element 
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isolating insulation films 3c, 3d, a source/drain field limiting layer 5d as 
the second impurity region is formed to limit electric field of the 
source/drain. 

On the surface of well 2 sandwiched by element isolating insulation 
5 films 3b and 3c, a gate electrode 7c is formed, with a gate insulating film 6c 
interposed. 

Silicon oxide film 8 is formed on semiconductor substrate 1 to cover 
gate electrode 7c. Contact holes 8d and 8c are formed, respectively 
exposing surfaces of source/drain regions 4c and 4d, in silicon oxide film 8. 
10 On silicon oxide film 8, aluminum interconnections 15,14 and 16 are 

formed. Source/drain region 4c is electrically connected to aluminum 
interconnection 15 through a contact portion 15a. 

Source/drain region 4d is electrically connected to aluminum 
interconnection 14 through a contact portion 14a. Further, gate electrode 
15 7c is electrically connected to aluminum interconnection 16 through a 
contact portion 16a. 

An MOS transistor T is formed including gate electrode 7a, 
source/drain regions 4c, 4d and source/drain field limiting layers 5e, 5d. 

Generally, when an MOS transistor is formed, source/drain regions 
20 4c, 4d are formed close to the channel region, so as to attain higher 
performance of the transistor. 

In the above described semiconductor device, one source/drain region 
4d of the pair of source/drain regions 4c, 4d is formed spaced by a 
prescribed distance from channel region 11c. Here, the prescribed 
25 distance corresponds to the length along the current flow of source/drain 
field limiting layer 5d that has impurity concentration lower than that of 
source/drain regions 4c, 4d. 

As the length of source/drain field limiting layer 5d having lower 
impurity concentration is made longer, source/drain field limiting layer 5d 
30 comes to have the function of a resistance element R. 

Particularly, as the length (width) in the direction approximately 
orthogonal to the direction from channel region 11c to source/drain region 
4d is made narrower in source/drain field limiting layer 5d, resistance 
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value of resistance element R can be made higher. 

As described above, in the present semiconductor device, 
source/drain field limiting layer 5d of one MOS transistor has a function of 
a resistance element, and it follows that MOS transistor T and resistance 
5 element R are connected in series. 

Accordingly, when compared with a semiconductor device in which 
one MOS transistor and a resistance element are connected in series by an 
aluminum interconnection or a semiconductor device in which one of two 
transistors connected in series is always kept ON and the MOS transistor 
10 that is kept ON is used as an ON resistance, the area occupied by the MOS 
transistor T and the resistance element R can be reduced in the present 
semiconductor device, and increase in pattern layout area in the 
semiconductor device can be suppressed. 

In the above described semiconductor device, one source/drain region 
15 5d of a pair of source/drain field limiting layers 5d, 5e is used to provide 
resistance element R, as an example. Resistance elements may be 
provided by both of the source/drain regions 5d and 5e. 
Sixth Embodiment 

An example of a semiconductor device will be described, which 
20 further improves the junction breakdown voltage of the semiconductor 
device described with reference to the fifth embodiment. 

As denoted by portions A surrounded by dotted lines, in the 
source/drain field limiting layer 5d having the function of resistance 
element R, there are portions changing smoothly, formed from narrow to 
25 wide portions. 

Except for these points, the structure is the same as that of Figs. 13 
and 14, and therefore, corresponding portions are denoted by the same 
reference characters and description thereof will not be repeated. 

By the above described semiconductor device, the following effect can 
30 be obtained in addition to the effects described with reference to the fifth 
embodiment. 

As portions having their width changed smoothly are formed in 
source/drain field limiting layer 5d, a portion to which electric field 
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concentrates is eliminated between source/drain field limiting layer 5d and 
well 2, as compared with the example in which the width changes steeply. 
As a result, the junction breakdown voltage between source/drain field 
limiting layer 5d and well 2 can be improved. 
5 Seventh Embodiment 

Another example of a semiconductor device that further improves 
junction breakdown voltage of the semiconductor device described with 
reference to the fifth embodiment will be described. 

As shown in Fig. 16, source/drain field limiting layer 5d having the 
10 function of resistance element R has a portion of which width changes 
steeply, as in the case of the semiconductor device shown in Fig. 14. 

Gate electrode 7d is formed to cover the steeply changing portion. 
Except for this point, the structure is the same as that of the semiconductor 
device shown in Figs. 13 and 14. Therefore, corresponding portions are 
15 denoted by the same reference characters and description thereof will not 
be repeated. 

By the above described semiconductor device, the following effect can 
be obtained in addition to the effects described with reference to the fifth 
embodiment. 

20 Fig. 17 represents an equivalent circuit in which an n-channel MOS 

transistor T and a resistance element R are connected in series, and Fig. 18 
represents an equivalent circuit in which a p -channel MOS transistor T 
and a resistance element R are connected in series. 

Resistance element R in Figs. 17 and 18 corresponds to source/drain 
25 field limiting layer 5d shown in Fig. 16. A high reverse bias voltage is 
applied to the portion (point C) of resistance element R on the side of the 
channel region only when the MOS transistor T turns on with a reverse 
bias voltage being applied to source/drain region 4c. 

In the n-channel MOS transistor T shown in Fig. 17, assume that a 
30 voltage Vdd is applied to source/drain region 4c, and a voltage Vdd is 
applied to gate electrode 7d. 

Here, the n-channel MOS transistor T turns on, and the voltage at 
point C of resistance element R attains approximately to Vdd. 
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Here, the voltage at well 2 that forms a PN junction with resistance 
element R is the GND voltage. Therefore, it follows that a reverse bias 
voltage is applied to point C of the resistance element R. Specifically, 
when a reverse bias voltage is applied to a portion on the side of the 
5 channel region of the resistance element R, the voltage applied to gate 
electrode 7d is also approximately the same as the reverse bias voltage. 

In the present semiconductor device, gate electrode 7d is formed to 
cover that portion of resistance element R of which width is changed 
steeply. 

10 When a reverse bias voltage is applied to the portion (point C) on the 

channel side of resistance element R, it follows that approximately the 
same voltage as the reverse bias voltage is applied to gate electrode 7d. 

As this voltage is applied to gate electrode 7d ? an electric field is 
generated toward well 2 of semiconductor substrate 1. By the electric field, 

15 the depletion layer extending from the interface between source/drain field 
limiting layer 5d serving as the resistance element R and well 2 is further 
extended. 

Accordingly, even when there is a steep portion formed in 
source/drain region 5d serving as resistance element R, breakdown voltage 

20 of the resistance element R and MOS transistor can be ensured. 

In the case of p-channel MOS transistor T shown in Fig. 18, a reverse 
bias voltage is applied to the portion (point C) on the side of the channel 
region of the resistance element when p-channel MOS transistor T turns on 
with a reverse bias voltage such as the GND voltage being applied to 

25 source/drain region 4c. 

In this state, as in the case of the n-channel MOS transistor, the 
voltage same as the reverse bias voltage is applied to gate electrode 7d. 
Thus, the depletion layer is made wider, and breakdown voltage in the 
resistance element R and the MOS transistor can be ensured. 

30 In the source/drain field hmiting layer 5d, impurity concentration is 

made as low as possible, in order to improve junction breakdown voltage 
with well 2. It is noted that when a high reverse bias voltage is applied to 
the narrow portion of resistance element R having the low impurity 
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concentration, that portion of resistance element R may possibly be 
depleted. 

In the present semiconductor device, by the electric field generated 
by the voltage applied to gate electrode 7d, depletion of source/drain field 
5 limiting layer 5d (resistance element R) is suppressed. Thus, electric field 
dependency of resistance element R is reduced, and a stable resistance 
value can be ensured. 

Eighth Embodiment 

Another example of a semiconductor device that further improves 
10 junction breakdown voltage of the semiconductor device described with 
reference to the fifth embodiment will be described. 

First, as shown in Fig. 19, source/drain field limiting layer 5d having 
the function of resistance element R has a portion of which width changes 
steeply, as in the case of the semiconductor device shown in Fig. 14. 
15 An electrode 7e is formed to cover the steeply changing portion. 

Electrode 7e is electrically connected to an aluminum interconnection 14 
that is connected to source/drain region 4d. 

Except for this point, the structure is the same as that of the 
semiconductor device shown in Figs. 13 and 14. Therefore, corresponding 
20 portions are denoted by the same reference characters and description 
thereof will not be repeated. 

By the above described semiconductor device, the following effect can 
be obtained in addition to the effects described with reference to the fifth 
embodiment. 

25 Fig. 20 represents an equivalent circuit in which an n-channel MOS 

transistor T and a resistance element R are connected in series, and Fig. 21 
represents an equivalent circuit in which a p-channel MOS transistor T 
and a resistance element R are connected in series. 

In the example shown in Fig. 13, a high reverse bias voltage is 
30 applied to source/drain region 4d through contact portion 14a, and when 
the n-channel MOS transistor or the p-channel MOS transistor is off, a 
high reverse bias voltage will be applied to the entire resistance element R. 
In the present semiconductor device, electrode 7e is formed to cover 
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resistance element R (source/drain field limiting layer 5d). Electrode 7e is 
electrically connected to aluminum interconnection 14, and hence, electrode 
7e comes to have the same voltage as the voltage of source/drain region 4d. 

By the voltage applied to electrode 7e, an electric field is generated 
5 toward well 2. By this electric field, the depletion layer that extends from 
the interface between source/drain field limiting layer 5d serving as the 
resistance element R and well 2 is further extended. 

Accordingly, even when there is formed a steep portion in 
source/drain region 5d serving as the resistance element R, breakdown 
10 voltage in the resistance element R and the MOS transistor can be ensured. 

When a high reverse bias voltage is applied to source/drain region 4d 
and the n-channel MOS transistor or the p-channel MOS transistor is on, 
the reverse bias voltage is limited by the voltage drop caused by the 
resistance element R, at the portion of resistance element R on the side of 
15 channel region 11c. 

Therefore, it follows that the breakdown voltage of resistance 
element R and well 2 depends mainly on the reverse bias voltage applied to 
a portion of resistance element R on the side of source/drain region 14a. 
At this time, the depletion layer is extended by the electric field generated 
20 by the voltage applied to electrode 7e, and therefore, breakdown voltage can 
be improved even when the MOS transistor is on. The above described 
function and effect are the same in the example shown in Fig. 21. 

Although the present invention has been described and illustrated in 
detail, it is clearly understood that the same is by way of illustration and 
25 example only and is not to be taken by way of limitation, the spirit and 
scope of the present invention being limited only by the terms of the 
appended claims. 
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